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FUEL INJECTION APPARATUS AND FUEL INJECTION CONTROL METHOD FOR 

INTERNAL COMBUSTION ENGINE 




1 . Field nf the Inventinn 

(OOOIJ The invention relates to a fuel injection apparatus and a fuel injection control 
method for an internal combustion engine. More particularly, the invention relates to a fiiel 
injection apparatus and a fuel injection control method for a dual injection type internal 
combustion engine which includes an injector for cylinder injection that injects fuel into a 
cylinder, and an injector for mtake port injection that injects fuel into an intake port 
2. Descrintion of the Ralat^ Art 

[0002] A dual injection type internal combustion engine is known which includes an 
injector for cylinder injection that injects fuel into a cylinder and an injector for intake port 
injection fliat injects fuel into an intake port In tiiis dual injection type internal combustion 
engine, one of tiiese injectors is selected and used depending on an operation region of an 
engine, stratified combustion or homogenous combustion is performed, and botii of die 
injectors are used in a predetermined operation region. 

(00031 As an example of a fuel injection apparatus for such a dual injection type internal 
combustion engine, Japanese Patent Laid-Open Publication No. 10-1031 18 discloses a fuel 
injection apparatus which includes an injector for intake port injection and an injector for 
cylinder injection. This fiiel injection apparatus suppresses fluctuation of an air-fuel ratio, 
which occurs when die injector is changed, by setting the ratio of an amount of fuel to be 
injected into die cylinder in consideration of a time lag of fuel supply by port injection. 

[0004] However, Japanese Patent Laid-Open PubUcationNo. 10-103118 discloses only 
tiiat tiie fuel injection apparatus appropriately sets an amount of fuel injected fi^om tiie 
injector for cylinder injection and an amount of fuel injected from tiie injector for mtake port 
injection in order to suppress fluctuation of an air-fuel ratio which occure when die fuel 
injection mjector is changed. There is no description concerning fuel injection timing in 
Japanese Patent Laid-Open Publication No. 10-103 118. 

[0005] In a dual injection type internal combustion engine in which tiie combustion 
mode is changed depending on an operation region, for example, in an engine in which tiie 
combustion mode is changed to tiie sti^tified lean combustion mode, tiie homogeneous lean 
combustion mode, tiie homogeneous stoichiometric combustion mode, or tiie like, basically. 
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fuel is injected from only one of an injector for cylinder injection and an injector for intake 
port injection. In this case, it is considerably important how to set the fuel injection timing 
When a request to change the combustion mode, that is. a request to change the fuel injector 
IS made due to transition of the operation region, fuel injection timing is limited concerning a 
particular cylinder and tiie fuel injection timing camiot be set to the requested fuel injection 
timmg, depending on the point of time at which the request to change the combustion mode 
IS made. As a result, the optimum fuel injection mode and tiie optimum air-fuel ratio camiot 
be realized, which causes problems such as fluctuation of torque and deterioration of 
emission. 



SUMMARvr>FTHF 



100061 The invention is made in the light ofthe above-mentioned circumstances It is 
therefore the object of tiie invention to provide a fuel injection apparatus and a fuel injection 
control metiiod for an internal combustion engine, which can suppress fluctuation of torque 
and deterioration of emission. 

[0007] According to an aspect of tiie invention, tiiere is provided a fuel injection 
q>paratus for an internal combustion engine which performs a direct injection operation for 
mjectmg fuel from an iiyector for cylinder injection into a cylinder and a port injection 
operation for injecting fuel from an injector for intake port injection into an intake port. In 
tills fuel injection apparatus for an internal combustion engine, when a request to change a 
fuel injection mode from a mode of firel injection from tiie injector for cylinder injection to a 
mode of fiiel injection from tiie injector for intake port injection is made, tiie fuel injection 
mode is set to a fuel injection mode which can be set for a particular cylinder according to a 
pomt of time at which tiie request to change tiie fiiel injection mode is made for tiie particular 
cylinder. 

[0008] According anotiier aspect of tiie invention, tiieie is provided a fuel injection 
control metiiod for an internal combustion engine which performs a direct injection 
operation for injecting fiiel from an injector for cylinder injection into a cylinder and a port 
mjection operation for injecting fuel from an injector for intake port injection into an intake 
port. Li tills fiiel injection conti-ol metiiod for an internal combustion engine, when a request 
to change a fiiel injection mode from a mode of fiiel injection from tiie injector for cylinder 
injection to a mode of fiiel injection from tfie injector for intake port injection is made a fiiel 
mjection mode is set to a fiiel injection mode which can be set for a particular cylinder 
according to a point of time at which a request to change tiie fiiel injection mode is made for 
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the particular cylinder. 

10009] According to the above-mentioned fuel injection apparatus and fuel injection 
control method for an internal combustion engine, in the internal combustion engine which 
performs the direct injection operation for injecting fuel from the injector for cylinder 
injection into the cylinder and the port injection operation for injecting fuel fiom the injector 
for mtake port injection into an intake port, when a r^uest to change the fuel injection mode 
fiom the mode of fuel injection from the injector for cylinder injection to tiie mode of fiiel 
injection firom tiie injector for intake port injection is made, tiie fuel injection mode is set to 
tiie fuel injection mode which can be set for the particular cylinder according to the point of 
time at which the request to change the combustion mode is made for the particular cylinder 
Accordingly, transition of the fuel injection mode to the optimum fuel injection mode is 
performed in a short time, and a required amount of air-fuel mixture can be obtained. As a 
result, it is possible to suppress fluctuation of torque and deterioration of emission. 

(00101 In tiie case where the request to change the fuel injection mode is made before 
tiie fuel injection mode is set to a port injection mode, tiie fuel injection mode may be 
changed to a mode of fuel injection fiom tiie injector for intake port injection simultaneously 
witii tiie request to change tiie fuel injection mode. 

[00111 In tiie case ^ere tiie request to change tiie fiiel injection mode is made during a 
period after tiie port injection mode is set and before tiie direct injection mode is set, when 
tiie requested port injection mode is an intake synchronous injection mode, tiie fuel injection 
mode may be changed to tiie mode of fiiel iiy ection fiom tiie injector for intake port injection 
simultaneously witii tiie request to change tiie fiiel injection mode. When tiie requested port 
mjection mode is an intake non-synchronous injection mode, tiie fiiel injection mode may be 
changed to tiie mode of fiiel injection from tiie injector for intake port injection after one 
cycle has elapsed since tiie request to change tiie fiiel injection mode is made. 

[00121 In tiie case where tiie request to change tiie fiiel injection modes is made after tiie 
port injection mode and tiie direct injection mode are set, tiie fiiel injection mode may be 
changed to tiie mode of fiiel injection from tiie injector for intake port injection after one 
cycle has elapsed since tiie request to change tiie fiiel injection mode is made. 

[00131 According to anotiier aspect of tiie invention, tiiere is provided a fiiel injection 
apparatus for an internal combustion engine which performs a direct injection operation for 
injecting fiiel from an injector for cylinder injection into a cylinder and a port injection 
operation for injecting fiiel from an injector for intake port injection into an intake port. In 
tiie fiiel injection apparatiis for an internal combustion engine, when a fiiel injection mode is 
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changed fiom a mode of fuel injection from the injector for cylinder injection to a mode of 
fuel injection fiom the injector for intake port injection, the fuel injection mode is set to an 
intake synchronous injection mode until an amount of fuel adhering to a wall surfece of the 
intake port due to port injection becomes stable. 

10014] According to another aspect of the invention, there is provided a fiiel injection 
control method for an internal combustion engine which perfonns a direct injection 
operation for injecting fuel fiom an injector for cylinder injection into a cylinder and a port 
injection operation for injecting fuel from an injector for intake port injection into an mtake 
port. In the fuel injection conti^ol metiiod for an internal combustion engine, when the fiiel 
injection mode is changed from tiie mode of fuel injection from tiie injector for cylinder 
injection to die mode of fiiel injection fiiom the injector for intake port injection, tiie fiiel 
injection mode is set to an intake synchronous injection mode until an amount of fiiel 
adhering to a waU surface of tiie intake port due to port injection becomes stable. 

[00151 According to tiie above-mentioned fiiel injection apparatus and tiie fiiel injection 
control metiiod for an internal combustion engine, in tiie internal combustion engine which 
perfijrms tiie direct injection operation for injecting fiiel fiom tiie injector for cylinder 
injection into tiie cylinder and tiie port injection operation for injecting fiiel from tiie injector 
for intake port injection into tiie intake port, when tiie fiiel injection mode is changed fiom 
tiie mode of fiiel injection from tiie injector for cylinder injection to tiie mode of fiiel 
injection from tiie injector fiom tiie intake port injection, tiie fiiel injection mode is set to tiie 
intake synchronous injection mode until tiie amount of fiiel adhering to tiie wall surface of 
tiie intake port due to port injection becomes stable. Accordingly, a stable air-fiiel mixture 

can be obtained witiiout being aflFected by tiie fiiel adhering to tiie waU surface. Asaresult, 
it is possible to suppress fluctuation of torque and deterioration of emission. 



BRIEF P RSCRIPTTON OF THP. r>R AwyH ^^lS 
[0016] The above-mentioned and otiier featiires. advantages, technical and industrial 
significance of tiiis invention will be better understood by reading tiie following detailed 
description of preferred embodiments of tiie invention, when considered in connection witii 
the accompanying drawings, in which: 

FIG 1 is a view schematically showing a stiiicture of an internal combustion engine to 
which a fiiel injection apparatus and fiiel injection control metiiod is applied according to a 
first or a second embodiment of the invention; 

FIG 2A and 2B are flowcharts showing an example of tiie fiiel injection apparatus and 
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fuel injection control method according to the first embodiment of the invention; 

FIG 3 is a graph showing regions of combustion modes corresponding to operation 
conditions in the first and the second embodiments of the invention- 

9 

FIG 4 is a tune chart showing a state in which a combustion mode is changed from a 
stratified lean combustion to a homogeneous lean combustion in the first embodiment of die 
invention; and 

FIG 5A and 5B are flowcharts showing an example of fuel injection control according to 
the fuel injection apparatus and fiiel injection control method in the second embodiment of 
the invention. 
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[00171 In the following description and the accompanying drawings, the present 
mvention will be described in more detail in terms of exemplary embodunents. 

(00181 First, an entire structure of a dual injection type internal combustion engme 
havmg a supercharger, to which a fixel injection apparatus according to a first or a second 
embodmient of the mvention is applied, will be described with reference to FIG 1 hi FIG 1 
a reference numeral "10" signifies an engine having a variable valve timmg mechanism and' 
a supercharger (heremafter, simply referred to as an "engme"). In FIG 1, the reference 
numeral "lO" signifies a gasoline engme havmg an mjector for mtake port injection and an 
injector for cylinder mjection. A cyUnder head 12 is provided in a cylinder block 1 1 of the 
engme 10. In the cyUnder head 12, an intake port 13 and an exhaust port 14 are fomied for 
each cylinder. 

[0019J In an mtake system of the engme 10, an intake manifold 15 is communicated 
with each mtake port 13. and a throttle chamber 18 provided with a throtde valve 17 is 
commmiicated with the intake manifold 15 via a surge tank 16 m which intake passages of 
the cylmders are gathered. The throttle valve 17 is driven by a throttle motor 19. An inter- 
cooler 20 is provided upstream of the throttle chamber 18. ITie inter-cooler 20 is 
communicated with a compressor 22C of a turbocharger 22, which is an example of a 

supercharger. viaanintakepipe21. The inter-cooler 20 is further communicated with an air 
30 cleaner 23. 

(0020J Aninjector31 for intake port injection is provided in the intake manifold 15 ata 
position immediately upstream of the intake port 13 of each cylinder. An injector 33 for 
cylinder injection, which dh-ectly mjects fiiel into a combu^on chamber of each cylinder in 
the cylmder block 11. is provided m the cylinder head 12. The injector 33 for cylinder 



25 



10 



L5 



TFN-040152-PCT 

injection is communicated with a fuel delivery pipe 35 to which high pressure fuel is 
supplied from a high pressure fiiel pump 34. In addition, a spark plug 36 is provided in each 
cylinder in the cylinder head 12. 

I0021I In an exhaust system of the engine 10. exhaust gas is gathered by an exhaust 
manifold 25 communicated with each exhaust port 14 of the cylinder head 12. and an 
exhaust pipe 26 is connected to the exhaust manifold 25. A turbine 22T of the turbochaiger 
22 is provided in the exhaust pipe 26, and a catalyst, a muffler and die like are provided in 
the exhaust pipe 26 at a position downstream of the turbine 22T. The turbocharger 22 
performs supercharging by taking in air and applying pressure to . the air. when the 
compressor 22C is rotationally driven by energy of the exhaust gas flowing in die turbine 
22X A variable nozzle 28 including an actuator 27 for operating a variable nozzle, which is 
an electric actuator, is provided on an inlet side of the turbine 22T in order to adjust a flow 
rate and a pressure of the in-flow exhaust gas. With the actuator 27 for operating a variable 
nozzle, an opening amount of the variable nozzle 28 is adjusted and a supercharging pressure 
is controUed according to a control si^ output from an after-mentioned electronic control 
unit (hereinafter, referred to as an "ECU") 1 00. 

[00221 A variable valve timing mechanism for controlling a valve overlap amount in the 
engine 10 will be described. As is well known, rotation of a crank shaft 51 of the engine 10 
is transmitted to an intake cam shaft and an exhaust cam shaft provided in the cylinder head 
1 2 via a crank pulley, a timing belt, an intake cam puUey, an exhaust cam pulley, and the like 
which are fixed to the crank shaft 51. The cam shaft is set to rotate once whUe the crank 
shaft 5 1 rotates twice. The intake cam (not shown) provided in the intake camshaft and the 
exhaust cam (not shown) provided in the exhaust camshaft open/close an intake valve 40 and 
an exhaust valve 41 based on the rotation of each camshaft which rotates once while the 
crank shaft 51 rotates twice. 

[00231 Between the intake camshaft and the intake cam puUey, there is provided a 
hydraulic variable valve timing mechanism InWT which continuously changes a rotational 
phase (displacement angle) of the intake camshaft with respect to the crankshaft 51 by 
rotating the intake cam pulley and the intake cam shaft with respect to each other. As is well 
known, in the variable valve timing mechanism InWT. a hydraulic pressure is changed by 
an oil control valve 42 including a linear solenoid valve or a duty solenoid valve, and the like. 
The variable valve timing mechanism InWT is operated according to a drive signal from 
the after-mentioned engine-control ECU 100. 

(00241 Similarly, between the exhaust camshaft and the exhaust cam pulley, there is 
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provided a variable valve timing mechanism ExVVT which continuously changes a 
rotational phase (displacement angle) of the exhaust camshaft with respect to the crankshaft 
51 by rotating the exhaust cam pulley and the exhaust camshaft with respect to each other. 
As in the case of the variable valve timing mechanism InVVT on the intake side, in the 
variable valve timing mechanism ExWT, a hydraulic pressure is changed by an oil control 
valve 43. The variable valve tinting mechanism ExWT is operated according to a drive 
signal from the after-mentioned engine-control ECU 100. 

(00251 Next, various sensors for detecting an engine operation state will be described. 
In the intake pipe 21. an air flow meter 101 is provided immediately downstream of flie air 
cleaner 23, and a temperahire sensor 102 is provided immediately downstream of tiie inter- 
cooler 20. There is provided a tiirotUe position sensor 103 which detects an opening amount 
of the tiirottie valve 17 tiiat is provided in the throttle chamber 18 and timt is used for 
adjusting an amount of air. Also, an intake pipe pressure sensor 104 is provided in tiie surge 
tank 1 6. In addition, a fuel pressure sensor 1 05 for detecting a fiiel pressure is attached to the 
fiiel delivery pipe 35. A knocking sensor 106 is attached to the cylinder block 11 of the 
engine 10. A coolant temperature sensor 107 is provided in tbs cylinder block 11. Also, a 
back pressure sensor 108 is provided downstieam of a join portion at which the exhaust 
manifold 25 joins the exhaust pipe 26. 

[00261 As a sensor for detecting an operation position of tiie variable valve timing 
mechanism InWT on the intake side, an intake side cam position sensor 109, which detects 
plural protoisions formed, at regular intervals, on the periphery of tiie cam rotor tiiat is fixed 
to the intake cam shaft and fliat rotates in synchronization witii tiie intake cam shaft and 
which outputs a cam position pulse indicating a position of tiie cam, is provided in tiie 
variable valve timing mechanism InWT. Similarly, as a sensor for detecting an operation 
position of tiie variable valve timing mechanism ExWT on tiie exhaust side, an exhaust side 
cam position sensor 1 10, which detects plural protiiisions formed, at regular intervals, on tiie 
periphery of tiie cam rotor tiiat is fixed to tiie exhaust cam shaft and tiiat rotates in 
synchronization witii tiie exhaust cam shaft and which outputs a cam position pulse 
indicating a position of flie cam, is provided in tiie variable valve timing mechanism ExVVT 
on tiie exhaust side. Also, tiiere is provided a crank position sensor 111 which detects 
protiiisions formed, at regular intervals, on tiie periphery of a crank rotor 52 tiiat is attached 
to tiie crankshaft 51 and tiiat rotates in synchronization witii tiie crankshaft 51 and which 
outputs a crank pulse indicating a crank angle. In addition, an air-fuel ratio sensor 112 is 
provided downstieam of tiie tiirbine 22T of tiie tiirbocharger 22. A reference numeral "1 1 3" 
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signifies an accelerator pedal operation amount sensor which generates output voltage 
proportional to the dq>ression amount of an accelerator pedal. 

[0027J In FIG 1, the reference numeral "100" signifies the electronic control unit 
(hereinafter, referred to as the "ECU"). The ECU 1 00 processes signals transmitted from the 
above-mentioned various sensors, computes control amounts for various actuators, and 
performs fuel injection control, ignition timing control, idle speed control, supercharging 
pressure control, valve timing control for the mtake valve and the exhaust valve, and the like. 
The ECU 100 mainly includes a microcomputer in which a CPU, ROM, RAM. backup RAM, 
a counter timer group, an I/O interface and the like are connected to each otiier via a bus line. 
In the ECU 100. a constant voltage circuit for supplymg a stabilized power supply to various 
portions, a drive circuit connected to tiie I/O interface, and a peripheral circuit for an A/D 
converter and the like are embedded. An input port of the I/O interface is connected to the 
air flow meter 101. the temperature sensor 102, the throttie position sensor 103. the intake 
pipe pressure sensor 104, the fuel pressure sensor 105. the knocking sensor 106, the coolant 
temperature sensor 107, the back pressure sensor 108, the cam position sensors 109 and 1 10, 
the crank position sensor 1 1 1. the air-fuel ratio sensor 112, the accelerator pedal operatioii 
amount sensor 113. a vehicle speed sensor for detecting a vehicle speed, and the like. 

10028] Meanwhile, an output port of the I/O interface is connected, via the drive circuit, 
to the throttie motor 19. the actuator 27 for operating a variable nozzle, the injector 3 1 for 
intake port injection, die injector 33 for cylinder injection, the high pressure pump 34. fhc 
spark plug 36. the oil control valves 42 and 43 . 

[00291 The ECU 100 processes signals, which are detected by the various sensors and 
which are input via the I/O interface, according to a control program stored in the ROM. and 
performs engine operation control such as fuel mjection amount and timing control, ignition 
timing control, air-fuel ratio feedback control, supercharging pressure control, and valve 
timing control based on fixed data such as various data stored in tiie RAM, various learning 
value data stored in die backup RAM. and a control map an tiie like stored m tiie ROM. 

[0030J A description will be made concermng an example of combustion modes 
corresponding to tiie operation regions in tiie engine to which tiie embodiment is applied, 
witii reference to FIG 3. hi tiie embodiment, under tiie operation condition using torque 
corresponding to an engine load and a rotational speed (speed) as parameters, tiiere are a 
stratified lean region "1" corresponding to tiie operation condition where tiie speed is low 
and tiie load is low. a homogenous lean region "2" corresponding to tiie operation condition 
where tiie speed is medium or high and tiie load is medium or low; a homogenous 
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stoichiometric region «3" corresponding to the operation condition where the load is 
medium; and a homogenous WOT region "4" corresponding the operation condition where 
the load is high. Further, the homogenous lean region "2" is divided into an intake 
synchronous injection region "2-1" which is closer to the stratified lean region «1", and an 
intake non-synchronous injection region "2-2" which is closer to the homogenous 
stoichiometric region "3". In the stratified lean region «1", stratified lean combustion is 
performed by direct injection fix>m the injector 33 for cylinder injection during the 
compression stroke. In the intake synchronous injection region «2-l". fiiel injection fix>m 
the injector 3 1 for intake port injection is performed in substantial synchronization witii the 
intake stroke. In the intake non-synchronous injection region "2-2", fuel injection fi^om the 
injector 31 for intake port injection is performed during a stroke different from tiie intake 
stioke (e.g., exhaust stioke). In die homogenous stoichiometric region "3". intake non- 
synchronous injection from die injector 31 for intake port injection is perfomied. In the 
homogenous WOT region «4". intake non-synchronous injection from the injector 31 for 
intake port injection and direct injection from the injector 33 for cylinder injection are 
performed simultaneously. 

[0031] Next, a description wiU be made concerning an example ofa control routine of 
the control metiiod of die fiiel injection apparatus according to die first embodiment in die 
thus configured engine, witii reference to flowcharts in FIG 2 A and 2B. The conti^ol routine 
is performed, as a part of die regular control routine for perfonning controlling for realizing 
the optimum engine state, for each 1 80- rotation of die crankshaft 51 . Hie regular contiol 
includes fiiel injection control in which die fiiel injection amount and tinting are obtained 
based on an engine rotational speed and an engine load obtained based a signal from one of 
the air flow meter 101, die intake pipe pressure sensor 104 and die accelerator pedal 
operation amount sensor 113 dependmg on a subject of contiol; valve overlap amount 
contiol in which bodi die intake valve and die exhaust valve are open by die valve timing 
contiol performed via die variable valve timing mechanisms InWT and ExWT; 
supercharging pressure contiol performed via die tiirbocharger 22, and die like. 

(0032J When die conti-ol is started, die elecfronic contiol unit 1 00 determines die engine 
operation state and die requested region based on an engine load detected by die accelerator 
pedal operation amount sensor 113 and die air flow meter 101 at predetermined intervals, 

and an engine rotational speed obtamed by calculation perfonned by die crank position 
sensor 111. 

(00331 In step S201, it is determined whedier diere is a request to change die region 
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from the stratified lean region "1". in which direct injection is perfoimed by injecting fuel 
from the injector 33 for cylinder injection, to the homogenous lean region "2", in which port 
injection is performed by injecting fuel from tiie injector 3 1 for intake port injection, or to 
the homogenous stoichiometric (X=l) region "3". When it is determined in step S201 that a 
request to change the region has not been made ("NO" in step S201), step S202 is then 
performed in which the fuel injection mode is set to the direct injection mode in order to 
continue the direct injection, that is. fiiel injection from the injector 33 for cylinder injection. 
On the odier hand, when it is determined in step S201 that there is a request to change the 
region from the stratified lean region "1" to the homogenous lean region •'2" or to the 
homogenous stoichiometric region «3", namely, a request to change the fiiel injection mode 
from the direct injection mode to the port injection mode has been made, step S203 and the 
foUowing steps are performed in order to perform a routine for setting a fiiel injection mode 
which can be set for a particular cylinder according to a point of time at which a request to 
change the fuel injection mode is made for die particular cylinder. Namely, it is determined 
in step S203 whether the request to change the fuel injection mode is made before the port 
injection mode is set for the particular cylinder. When it is determined that the request is 
made before the port injection mode is set for die particular cylinder, step S204 is then 
performed in which it is determined whether diere is a request for the intake non- 
synchronous injection mode in the intake non-synchronous region "2-2". When an 
aflBrmative determination is made in step S204, step S205 is then perfoimed in which the 
fuel injection mode is set to the port injection mtake non-synchronous injection mode as 
requested. On the other hand, when a negative determination is made in step S204. step 
S208 is then perfonned in which the fiiel injection mode is set to the port injection intake 
synchronous mode. 

(00341 On the other hand, when it is determined in step S203 that the request to change 
the fiiel injection mode is made after die port injection mode is set for the particular cylinder, 
step S206 is tiien performed in which it is deteimined whether the request to change die fiiel 
injection mode is made before die direct injection mode is set. When it is determined in step 
S206 diat die request is made before die direct mjection mode is set, step S207 is dien 
performed in which it is determined whedier tiiere is a request for die intake non- 
synchronous injection mode in die intake non-synchronous injection region "2-2". When a 
negative determination is made in step S207, step S208 is tiien perfoimed in which die port 
injection intake synchronous mode is set. On die odier hand, when an affirmative 
detem^nation is made in step S207, step S209 is perfoimed, and die direct injection mode is 
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set When a negative detennination is made in step S206, step S209 is performed in which 
the direct injection mode is set. In step S210. the infoimation that the port injection is 
delayed by one cycle is stored. In step S21 1, furl injection according to the injection mode 
set in step S205, step S208 or step S209 is performed. 

(0035] The state of change from the duect injection mode to the port injection mode 
according to the above-mentioned control routine wiU be described in more detaU with 
reference to a time chart shown in FIG 4. In this time chart, setting of the fuel injection 
mode for a cylinder #4 is shown, when the region is changed fiom the stratified lean region, 
in which the direct injection is performed by injecting fuel fiom the injector 33 for cylinder 
injection, in the cycle 1 shown on the left side to the homogenous lean region, in which the 
port injection is performed by injecting fuel from the injector 3 1 for the intake port injection, 
in a cycle 2 shown on the right side, in the case where ignition of the engine 1 0 is perfonned 
in the order of cylinders 1, 3, 4 and 2. The ING position in the cycle 2 in the time chart in 
Fia 4 is the ignition position for the cylinder #4. This position is regarded as 0° (TDC) of 
the crank angle. In FIG 4, each of the reference characters (a) and (d) shows direct injection 
for the cylinder #4; each of the reference characters (b) and (e) shows the port intake non- 
synchronous injection for the cylinder #4; and the reference character (c) shows the intake 
synchronous injection for the cylinder #4. Further, each of the reference character "A", "B", 
and «C" shows the time at which a request to change the fuel injection mode from the direct 
injection mode to the port injection mode is made. 

(00361 If a request to change the fuel injection mode from the direct injection mode to 
the port injection mode is made at time "A", the port injection mode has not been set for the 
cylinder #4 (630° BTDC). Accordingly, the port intake non-synchionous injection for the 
cylinder #4 at (b) or the intake synchronous injection mode for the cylinder #4 at (c) can be 
set. Therefore, one of the requested fuel injection mode is set, and fuel injection according 
to the set mode is performed. If a request to change the fuel injection mode is made at time 
"B", the direct injection mode has not been set for the cylinder #4 (540° BTDC). 
Accordingly, although the port mtake non-synchronous injection mode for the cylinder #4 at 
(b) cannot be set, the intake synchronous injection mode for the cylinder #4 at (c) can be set. 
Therefore, when a request to change the fuel injection mode to the synchronous injection 
mode for the cylinder #4 is made, the requested fuel injection mode is set and perfonned. 
However, when a request to change the fuel injection mode to the intake non-synchronous 
injection mode for the cylinder #4 is made, the requested fuel injection mode is performed in 
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the cycle 3, which is one cycle after the request to change the fuel injection mode is made. If 
a request to change the fuel injection mode is made at time the direct injection mode has 
already been set (450° BTDC). Accordingly, the direct injection mode is set, and the direct 
injection mode for die cylinder #4 at (d) is performed, and the port injection is performed in 
the cycle 3, which is one cycle after the request to change the fuel injection mode is made. 

(0037] Next, a description will be made concerning an example of a control routine of 
the conti^ol method of the fuel injection apparatus for an internal combustion engine 
according to the second embodiment of the invention, with reference to flowcharts in FIG 
5A and 5B. When the control is started, as in tiie case of tiie above-mentioned control 
routine, the electronic control unit 100 determines die engine operation state and the 
requested region based on an engine load detected by the accelerator pedal operation amount 
113 and the air flow meter 102 at predetermined intervals, and an engine rotational speed 
obtained by calculation performed by the crank position sensor 111, 

[0038] In step S501, it is determined whether there is a request to change the region 
from the stratified lean region "1", in which direct injection is performed by injecting fiiel 
from the injector 33 for cylmder injection, to the homogenous lean region "2", in which port 
injection is performed by injecting fuel from the injector 31 for intake port injection, or to 
the homogenous stoichiometric (X=l) region "3". When it is determined in step S501 that a 
request to change the region has not been made ("NO" in step S501), step S502 is then 
performed in which the fuel injection mode is set to the direct injection mode in order to 
continue the direct injection, that is, the fuel injection from the injector 33 for cylinder 
injection. On the other hand, when it is determined in step S501 that a request to change tije 
region has been made, namely, a request to change the fuel injection mode from the direct 
injection mode to the port mjection mode has been made, step S503 and the following steps 
are performed in which a routine for minimizing fluctuation of an air-fuel ratio is performed 
according to a point of time at which a request to change the fiiel injection mode is made for 
tiie particular cylinder. Namely, it is determined in step S503 whetiier the request to change 
•) 3cic l^c^oirc the port injection mode is set for the particular 

cylinder. When it is detennined that tiie request is made before tiie port injection mode is set 
for tiie particular cylinder, step S504 is tiien perfomied in which it is determined Mdietiier 
tiiere is a request for tiie mtake synchronous mode in tiie intake non-synchronous injection 
region "2-1". When an affirmative determination is made in step S504, step S5 10 is tiien 
performed in which tiie fiiel injection mode is set to tiie port injection intake synchronous 
mode as requested. On tiie otiier hand, when a negative determination is made in step S504, 

12 



TFN-040152-PCT 

step S2505 is then perfonned in which the fuel injection mode is set to the port injection 
intake synchronous mode although the intake non-synchronous mode is requested. Step 
S506 is then performed in which an output from the air-fuel ratio (A/F) sensor 112 is 
obtained. In step S507. the state is maintained until the difference between the obtained A/F 
and a target A/F becomes smaller tiian a target A/F deviation. TTien, step S508 is perfonned 
in which tiie fuel mjection mode is set to the port injection intake non-synchronous mode as 
request. The amount of fiiel adhering to the waU surface is reduced by perfonning the port 
injection intake synchronous mode at least once although the intake non-synchionous mode 
is request, whereby fluctuation of tiie air-fuel ratio when the fuel injection mode is changed 
is suppressed. The A/F feedback control is completed after being perfonned by two or three 
cycles, since fluctuation of flie air-fuel ratio is originaUy small because the port injection 
intake synchronous mode is perfonned. 

(00391 When it is detenmned in step S503 that the request to change tiie fuel injection 
mode is made after die port injection mode is set for the particular cylinder, step S509 is flien 
performed in which whether the request is made before tiie direct injection mode is set. 
When it is detenmned in step S509 tiiat the request is made before die direct injection mode 
is set, step 85 1 0 is tiien performed in which die port injection mtake synchronous mode is set 
On the otiier hand, when a negative detennination is made in step S509, step 8511 is then 
perfonned in which tiie direct injection mode is set Further, in step 8512, the infonnation 
that die port injection is delayed by one cycle is stored. Then, m step 8513, fuel injection 
according to die fiiel injection mode set in step 8508, step 85 1 0 or step 85 11 is perfonned. 

[0040] A fuel injection apparatus and a fuel injection conti-pl metiiod for an internal 
combustion engine (10) which perfonns a direct injection operation for mjecting fuel from 
an injector for cylinder injection (33) into a cylinder and a port injection operation for 
injecting fuel from an injector for intake port injection (31) into an intake port (13). When a 
request to change from fuel injection from die injector for cylinder injection (33) to fuel 
injection from die injector for intake port injection (3 1) is made, the fuel injection mode is 
set to a fiiel injection mode which can be set for a particular cylinder accordmg to a point of 
time at which die changing request is made for die particular cylinder. Accordingly, 
transition to die optimum fiiel injection mode is perfonned in a short time, and a required 
amount of air-fiiel mixture can be obtained. It is dierefore possible to suppress fluctuation of 
torque and deterioration of emission. 
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